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Abstract ‘ The ionization rate being one ot the most influencing factors for the IMPATT diode operation, the effect of loni/ation late of GaAs 
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1. Introduction
IM PA TT d io d e s  a re  b a s ic a l ly  n e g a tiv e  re s is ta n c e  o s c i l la to rs  
capab le  o f  p ro d u c in g  m ic ro w a v e s  to  su b -m il l im c lc r  w a v e s . T h e  
w ide ra n g e  o f  f r e q u e n c y  c o v e re d  by  th is  d e v ic e  h a s  p u sh e d  its 
im p o rtan ce  w ith  re g a rd  to  v a r io u s  c o m m u n ic a t io n  sy s te m s . T h e  
negative  re s is ta n c e  a t m ic ro w a v e  fre q u e n c y  is p ro d u c e d  th ro u g h  
in c o rp o ra tio n  o f  p h a s e  d if f e re n c e  b e tw e e n  R F  v o lta g e  a n d  R F  
c iin e n t in th e  ra n g e  oi n  ! 2 to  3 ;r  /  2 .  T ra n s i t  tim e  ta k e n  b y  th e  
ch arg e  c a r r ie r s  to  t r a v e r s e  th e  d r i f t  r e g io n  a n d  th e  a v a la n c h e  
p hase  d e la y  p ro d u c e d  in  th e  a v a la n c h e  b u ild  u p  p ro c e s s  o f  
ch arg e  c a r r ie rs  r e s u lt in g  th e  re q u is i te  p h a s e  d if fe re n c e  in  c a se  
o f  IM P A T T  d io d e s . A m o n g s t  th e  tw o  p h y s ic a l p ro c e s se s , w h ic h  
g en e ra te  c o n d it io n  fo r  R F  o s c i l la t io n , th e  a v a la n c h e  b u ild  u p  
process d e p e n d s  o n  th e  c a r r ie r  io n iz a tio n  ra te  in a  scm iconduct(3r. 
T h e  io n iz a t io n  r a te  f i e ld  c h a r a c t e r i s t i c s  a re  ty p ic a l  o f  th e  
se m ic o n d u c to r  a n d  u s u a l ly  d e te r m in e d  b y  th e  b a n d  s tru c tu re  o f  
the c o rre sp o n d in g  s e m ic o n d u c to rs . T h e  b a n d  s tru c tu re  o f  G a A s . 
w hich  is a  p ro m is in g  m a te r ia l  fo r  IM P A T T  d io d e  fa b ric a tio n , h a s  
heen re p o r te d  to  d e p e n d  o n  c ry s ta l  o r ie n ta t io n  /> . E  -  k  d ia g ra m  
has b een  o b s e rv e d  to  b e  d if f e re n t  fo r  < 1 11> , < 1 0 0 > , < 1 10> 
o rien ted  G a A s . P e a rs a l l  etal[\]  h a v e  a c c o u n te d  fo r  th is  e f fe c t 
and  h a v e  e x p e r im e n ta l ly  d e te r m in e d  th e  e le c tr o n  a n d  h o le  
io n iza tio n  ra te s  in  G a A s  a lo n g  d if f e re n t  c ry s ta l  o r ie n ta t io n . It is 
in te re s tin g  to  o b s e rv e  th a t th e  c a r r ie r  io n iz a tio n  ra le s  a re  w id e ly  
d if fe re n t a lo n g  th e  th r e e  o r ie n ta t io n . S in c e  th e  a v a la n c h e  b u ild
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u p  p ro c e s s  a n d  th e  a v a la n c h e  d e la y  p ro d u c e d  by su c h  p ro c e s s  
d e p e n d  o n  io n i z a t io n  r a te ,  th e  a u th o r s  p la n  to  s tu d y  th e  
m ic ro w a v e  p ro p e r t ie s  o f  G a A s  IM P A T T  d io d e s  a lo n g  th re e  
d if fe re n t c ry s ta l o r ie n ta t io n s . D o u b le  d r if t d io d e s  fo r  o p e ra tio n  
in th e  V -b a n d  h a v e  b e e n  d e s ig n e d  a n d  a n a ly z e d  th ro u g h  u se  o f  
a  c o m p u te r  s im u la tio n  m e th o d , fo r  d e te rm in a tio n  o f  m ic ro w a v e  
p ro p e r tie s  a lo n g  th e  d if fe re n t c ry s ta l o r ie n ta tio n . It is in te re s tin g  
to  o b s e rv e  th a t  < 1 11> o r ie n ta t io n  m a y  b e c o m e  a  p re fe r re d  
o rie n la li(m  fo r th e  fa b r ic a t io n  o f  IM P A T f  d io d e s .
2 . M e th o d
T h e  s ta tic  an d  sm a ll s ig n a l a n a ly s e s  h a v e  b e e n  c a rr ie d  o u t by 
u s in g  c o m p u te r  s im u la tio n  m e th o d s . A t f irs t, th e  D C  a n a ly s is  
h a s  b e e n  d o n e  th r o u g h  u se  o f  a  d o u b le  i te ra t iv e  c o m p u te r  
s im u la tio n  p ro g ra m  [2 ,5 ]  w h ic h  s im u lta n e o u s ly  so lv es  P o is so n 's  
e q u a tio n
8 E l 8 x = q l  E { p - n  + N ^ - N ^ )  (1)
a n d  c o m b in e d  c a r r ie r  c o n tin u ity  e q u a tio n
8 ! 8t{p+n) = q~'8l8x(J„ - y , , )  + 2(a,, v,,p + a„v„n), (2)
w h e re  th e  c a r r ie r  d e n s i t ie s  fo r  e le c tro n  a n d  h o le  a re  g iv e n  as, 
Jn "  p a n d  th e  to ta l  c u r r e n t  d e n s i ty
y  =  y,, +  F o r  s ta tic  c o n d it io n , eq . (2 )  b e c o m e s .
q '8 / 8 x ( J „ - J p )  + 2{ap Vpp + a„v„n) = 0. (3)
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D e fin in g  P{x) =  {-/,>(a ) -  */«(a )} / 7 ,  ih e  cq . in (3 )  w ill tak e  
form  :
a n d
5  P (  A )  /  5  A  =  Uln  ~  i^p ) ^ (  )
q{8 ( p - n ) l  5 v} =  -a^,){p-n)
-H J(a„ /  v’^ , -f* a^ , /  v’„ ) + {S E / S .\ )K,
(4)
(5)
w h e re  K is a c o rre c tio n  fa c to r  w h o se  v a lu e  d e p e n d s  u p o n  th e  
n a tu re  o f  th e  v e lo c ity  -  f ie ld  c h a ra c te r is t ic s  in a s e m ic o n d u c to r . 
F o r s ilico n ,
1^1 ”” CXp p^  ^
an d  th e  c o rre c tio n  fa c to r  K ca n  b e  fo u n d  o u t to  be
K =  (J,,iip ) / V, ,  {l  / \\j. - 1  / Vp} -  ( 7 , , ^ , , )  / v„ {1 / 1',„ - 1 / 1’„ } .
(6)
T h e  fie ld  a n d  e a r n e r  c u rre n t p ro f ile s  o f  th e  IM P A IT  d io d e  
can  be  o b ta in e d  fro m  th e  so lu tio n  o f  eq . ( I ) ,  (4 )  a n d  (5 ) by  
a p p ly in g  p ro p e r  b o u n d a ry  c o n d it io n s . 'H ie  b o u n d a ry  c o n d it io n  
IS th a t a t th e  le f t e d g e  o f  th e  d e p le t io n  lay er, th e  h o le  c u rre n t 
c o m p rise s  o f  o n ly  th e  re v e rse  sa tu ra tio n  c u rre n t w h ic h  e n te r s  
th e  d e p le tio n  la y e r  a t th is  p o in t.
T h u s  at A =  A^ ,
P(X)  =  { ( 7 p  -  ) / 7 }  =  { 7 ,p  - ( 7  -  7 , p ) } /  7
=  ( 2 7 , p / 7 ) - l .  (7)
T ak in g  the  h o le  m u ltip lic a tio n  fa c to r  to  be M J ! , cq .
(7 ) b e c o m e s
P ( a ; )  =  ( 2 / M ^ , ) - 1 .
S im ila rly  at th e  r ig h t h a n d  s id e  e d g e  w h e re  th e  e le c tro n  
c u rre n t co m pri.ses o f  o n ly  th e  re v e rse  s a tu ra tio n  c u r re n t an d  
e n te r in g  at th a t  p o in t,
P ( x p ) ^ \ - ( 2 / ), w here  e lec tro n  m u ltip lica tio n  fac to r
A / „ = 7 / 7 , „ .
In a d d itio n  to  a b o v e , th e  f ie ld  b o u n d a ry  c o n d it io n s  a re  to  b e  
sa tis f ie d  w h ic h  is g iv e n  as
£ ( a y ) =  F:(a ^ )  =  () .
T h e  d if fe re n t / o n e  w id th s  lik e  a v a la n c h e  z o n e  w id th , d r if t  
z o n e  w id th , th e  re s p e c tiv e  v o lta g e  d ro p  a n d  etc a rc
o b ta in e d  fro m  in te g ra tio n  o f  e le c tr ic  fie ld  p ro f ile  a c ro ss  d if fe re n t 
z o n e s .  T h e  e d g e s  o f  d e p le t io n  la y e r  a re  a ls o  d e te r m in e d  
a c c u ra te ly  fro m  th e  D C  a n a ly s is  a n d  a re  ta k e n  a s  s ta r lin g  a n d  
e n d  p o in t fo r  c o m p u ta tio n  o f  sm a ll s ig n a l a n a ly s is . T h e  d e v ic e  
e f f ic ie n c y  h a s  b e e n  c a lc u la te d  u s in g  th e  re la tio n  T]^Vpl  k Vg, 
T a k in g  th e  D C  d a ta  a s  in p u t , th e  sm a ll s ig n a l a n a ly s is  h a s  b e e n
c a rr ie d  o u t. T h e  a n a ly s is  in v o lv e s  th e  s im u l ta n e o u s  s o lu tio n  ot 
th e  tw o  in te g ra te d  s e c o n d  o rd e r  d if f e re n t ia l  e q u a tio n s  in  d io d e  
n e g a tiv e  re s is ta n c e  (R ) a n d  re a c ta n c e  (X )  j 3 , 6 |  w h ic h  a re  g iven  
a s
D -R + {a „ -a p )D R - 2 ro)vD)( + { { ( o v ' ' f  - H ( x )]r
- 2 a(0 v 'X = 2 ci(ve)~\  (8)
n^X  + {a„ -  Op )DX -  2 /  £0 v * ' DR + {(£» v ' '  -  H{x)]X
+2 ao)v ' 'R =-co{v‘ e)~', (9)
w h e re  th e  q u a n ti t ie s ,  r ,  a ,  r, H a n d  D a re  d e f in e d  as
V — ( .  V ) ,  a — { iif  ^V + a \  / 2 \ , / — ( \ v / 2 v .
A/ =  ( 2 7  /  ve)Sa / 8 E-^iS 18 E) {Gj, a,^) { 8  E„, / 8 X) 
a n d  D  =  5  /  5  A .
T h e  e q u a tio n s  a re  s o lv e d  b y  ta k in g  th e  p ro p e r  b o u n d a ry  
c o n d it io n s  16]
c { ( 5 / e / 5 . v ) - ( f t > X / i \ p ) } = l / v , , ,  ;
( S X / S x )  + ((oR/\\^,) = 0  (lOi
at th e  b t)u n d a ry  o f  th e  p - r e g io n  a n d
£ { ( 5 / f / ^ ' . v ) - ( w A ' / i ' , „ ) }  =  ~ i / > „ ,  ;
{ S X / 5 x ) - U t ^ / i \ „ )  = l) ( I I )
a t th e  b o u n d a ry  o f  n - re g io n .
T h e  c o m p u te r  s im u la t io n  m e th o d  th a t th e  a u th o r s  h a v e  
fo llo w e d  is d o u b le  i te ra t iv e  o v e r  th e  in itia l c h o ic e  o f  v a lu e s  o f  £  
an d  X  a t th e  left e d g e  o f  th e  d e p le t io n  layer. A t firs t so m e  a rb itra ry  
v a lu e s  o f  R a n d  X a rc  c h o o s e n  a t i  =  .v^  a n d  th e  v a lu e s  o f  DR 
a n d  DX a rc  d e te r m in e d  u s in g  th e  e q . (1 0 ) . K n o w in g  th is  v a lu e s  
o f  R, X, DR, DX a t x =  , o n e  c a n  d e te r m in e  th e  v a lu e s  o f  th e se
p a ra m e te rs  a t a =  +  dx b y  u s in g  m cx lificd  R u n g e -K u tta  m eth o d .
T h is  p ro c e s s  is r e p e a te d  to  d e te r m in e  th e  v a lu e s  o f  R, X, DR, DX 
at s u b s e q u e n t s te p s  till th e  o th e r  e n d  x =  x^ is r e a c h e d . T h e  
b o u n d a ry  c o n d it io n s  g iv e n  in th e  e q . (1 1 )  a re  th e n  c o m p a re d  
w ith  th e  v a lu e s  c o m p u te d  a t a =  x^ . I f  th e  c o n d it io n s  a re  n o t 
s a t is f ie d  th e n  th e  in itia l v a lu e s  a t a  =  a ^ a re  s u i ta b ly  c h a n g e d  to  
re p e a t th e  n u m e r ic a l s o lu t io n  o f  e q u a tio n  (8  a n d  9 ). T h e  v a lu e s  
o f /? an d  X c a n  be c h a n g e d  in  fo u r  d if fe re n t w a y s  as , R  - 4  R  ±  5  /? 
a n d  X  X ± 5 X fo r  c o n s e c u t iv e  i te ra t io n s . A  fa s t lo g ic  h a s  
b e e n  f r a m e d  to  e n s u r e  e a r ly  c o n v e rg e n c e .
T h e  f in a l s o lu tio n  g iv e s  s p a t ia l  d is t r ib u t io n  o f  R a n d  X  and  
th e  in te g ra te d  v a lu e s  o f  r e s is ta n c e  a n d  re a c ta n c e  a rc  o b ta in e d
a s ,
Z^==lR{x)dx  a n d  Z x = U ( x ) d x .
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T h e  d e v ic e  n e g a t iv e  c o n d u c ta n c e  (G ) , d e v ic e  s u s c e p ia n c c  
(B ) an d  q u a li ty  f a c to r  (Q )  a re  c a lc u la te d  u s in g  th e  re la tio n .
G -  Z ; j ( Z |  +  Z x )  
an d  Q = \ B ! C \ .
-I
B = -Z
^n .p= K p
T h e  v a r ia tio n  o f  io n iz a t io n  ra te  w ith  e le c tr ic  f ie ld  h a s  b e e n  
sh o w n  in F ig u re  1.
2.1.2, Other material parameters 
T he o th e r  m a te r ia l  p a ra m e te r s  a re  :
V ,  =  8 .0  X 1 0 ^ ms~*, =  1 .0  X 1 0 ^ m s “ ’, £ .  =  0 .6 5  x  10^ V m "*,
= 0 .8 5 m 2 v ~ > s * ^ ^ iU ^ = 0 .0 4 m 2 v - U - ^ € =  U 6 x  10 *®Fm 
£  = 1 .4 2 e V ,m * /m ^ = 0 .0 3 7 .
Results and discussion
H ie G a A s  D D R  IM P A T T  d io d e s  h a v e  b e e n  d e s ig n e d  a n d  th e  
d io d e  s tru c tu ra l p a ra m e te r s  h a v e  b e e n  o p tim iz e d  b y  u s in g  a
c o m p u te r  i te r a t iv e  m e th o d  a n d  c o n s id e r in g  lo c a l iz a t io n  o f  
a v a la n c h e  z o n e  w id th . (x^A V ), m a x im u m  e f f ic ie n c y  ( q ) a n d  
o p tim u m  p u n c h  th ro u g h  fac to r. T h e  o p tim iz e d  d e s ig n  p a ra m e te rs
In  a d d it io n  to  th e  m ic ro w a v e  n e g a tiv e  re s is ta n c e ,  th e  d io d e  
a lso  g e n e ra te s  s o m e  p o s i t iv e  s c r ie s  re s is ta n c e .  T h is  p o s i t iv e  
R F  s e r ie s  r e s i s t a n c e  a r i s e s  f r o m  n'* /^p'*‘ s u b s t r a t e ,  m e ta l  
s e m ic o n d u c t o r  c o n t a c t ,  u n d c p l e t e d  e p i l a y c r  a n d  d e v ic e  
p ack ag in g  etc. T h e  v a lu e  o f  th e  s e r ie s  re s is ta n c e  m a y  s o m e  tim e  
b e c o m e  c o m p a r a b le  to  th e  m i c r o w a v e  n e g a t iv e  r e s i s t a n c e  
g e n e ra te d  a t h ig h  f r e q u e n c y  o p e ra t io n  o f  th e  IM P A T T  d io d e  
and th e re fo re  m a y  b e c o m e  re s p o n s ib le  fo r  g e n e ra t io n  o f  lo w  R F  
o sc illa tin g  p o w e r  f ro m  d e v ic e  m a in ly  d u e  to  th e  c a n c e l la tio n  o f  
the u su a l h ig h  f r e q u e n c y  n e g a tiv e  r e s is ta n c e . T h e re fo re  it is 
d e s ira b le  to  k e e p  th e  p o s i t iv e  r e s is ta n c e  v a lu e  to  b e  lo w . T h e  
d io d e  p o s i t iv e  r e s is ta n c e  is  c a lc u la te d  u s in g  th e  re la tio n  |4 ]
g = - G - B ^ R , .
T h e  a n a ly s i s  h a s  b e e n  c a r r i e d  o u t  u s in g  th e  m e th o d  
d e sc r ib e d  a b o v e . T h e  m e th o d  is  m a d e  re a l is t ic  b y  c o n s id e r in g  
rea lis tic  im p u r i ty  p ro f i le  a c ro s s  th e  ju n c t io n  a n d  in c o rp o ra t in g  
rea lis tic  v a r ia tio n  o f  c a r r ie r  io n iz a t io n  ra te s  a n d  d r i f t  v e lo c itie s  
in s ilic o n  w ith  e le c tr ic  f ie ld  a n d  te m p e ra tu re . T h e  sp a c e  s te p  
w id th  is ta k e n  to  b e  v e ry  sm a ll  su c h  th a t th e re  a re  m o re  th a n  
lODO/nm s te p s  fo r  th e  e n t i r e  d e p le t io n  z o n e  la y e r  o f  th e  d io d e . 
T he m e th o d  is  m a d e  fre e  f ro m  n u m e r ic a l in s ta b ili ty  an d  le s s  tim e  
c o n su m in g  th ro u g h  in c o r p o ra t io n  o f  a  fa s t c o n v e rg in g  lo g ic .
2.1 Material parameters
2 .7 ./ .  Ionization rate
T he io n iz a tio n  ra te  d a ta  a lo n g  d if f e re n t  c ry s ta l  o r ie n ta t io n  h a v e  
been  m e a s u re d  a n d  r e p o r te d  b y  P e a rs a ll  et al[i  ], w h ic h  c a n  b e  
fitted  in to  an  e x p o n e n t ia l  f ie ld  v a r ia t io n  o f  th e  fo rm
Figure I. Electric field dependence of earner ionization rates tor different 
cry.slal orientations of GaAs.
a re W  = 7 3 0 n m , W  = 8 8 0 n m ,y V „ = 0 .5 x  1 0 - V m \A / ,= 0 .4 x  lO^V 
m \  =  1.0 X 10^ A /m ^ . T h e  D C  an d  sm a ll-s ig n a l re s u lts  h a v e  
b e e n  lis te d  in  T a b le s  2  an d  3 re s p e c tiv e ly . T a b le  I sh o w s  th a t 
th e  m a x im u m  e le c tr ic  f ie ld  o f  th e  D D R  d io d e s  a rc  s lig h tly  
d if fe re n t fo r  th e  th re e  c ry s ta l  o r ie n ta t io n . T h e  ju n c t io n  f ie ld  is 
the  m a x im u m  fo r< I(X )>  o rien ta tio n .
Table 1. IX ' results ol GaAs DDR IMPATT.
Onenlation E„
(10’ A/m=)
V.
(V)
(rV
(%)
x,/W
<I 11> 4 47 41 7 17 4 0 292
<I0()> 4 XI 42 7 15 2 0 344
<110> 4 80 4.  ^ 2 15.3 0 348
T h e  d e v ic e  e f f ic ie n c y  is o b s e rv e d  to  b e  th e  h ig h e s t fo r  th e  
< 1 1 1> o r ie n ta t io n . T h e  e f f ic ie n c y  o f  th e  < 1 0 0 >  a n d  < 1 10> 
o r ie n ta t io n  a rc  n e a r ly  e q u a l to  e a c h  o th e r . T h e  a v a la n c h e  zo n e  
w id th  (x ^ /W ) is th e  lo w e s t fo r  th e  <  111 >  o r ie n ta tio n  fo llo w e d  by 
th e  <  10 0 >  an d  <  11 ()> o rie n ta tio n s . T h u s  th e  D C  a n a ly s is  p re d ic ts  
b e tte r  m ic ro w a v e  c h a ra c te r is t ic s  fo r  th e  < 1 1 1> o r ie n te d  G a A s  
D D R  d io d e .
T h e  sm a ll s ig n a l p ro p e r tie s  a rc  sh o w n  in  T a b le  2 an d  F ig u re s  
2  a n d  3. T h e  F ig u re  2  sh o w s  th e  G -B  p lo ts  a n d  F ig u re  3 sh o w s
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Tabic 2. Small siiinal churaciciisiic:. for GaAs DOR diode for dificrcnl 
crystal oncniuiion
Orientation F
(GH/)
Ci
(Mr S/m') (10 ' Om') (71 rad)
< 1 11>
<l()0>
SO 3 SI 0 S67 0 482
60 13 0 0 329 0 473
80 8 41 0.261 0 420
t oo 2 21 0 009 0 400
SO 8 02 0 8S1 0 4X1
S5 8 77 0 ^69 0 44^
80 4 43 0 V44 0 VH)
t oo 1 17 0 321 0 38X
<1 10> SO 6 47 1 76 0 443
60 8 21 0 299 0 U 8
80 S 81 0 070 0 n o
100 1 62 0.0S3 1) n  3
th e  R (x )  p ro f ile s  fo r th e  d if fe re n t c ry s ta l o r ic n la l io n . F ig u re  2 
sh o w s th a t th e  p e a k  v a lu e  o f  th e  d e v ic e  n e g a tiv e  c o n d u c ta n c e  
is m a x im u m  fo r th e  < 1 1 1> o r ie n te d  G a A s  D D R . T h e  d e v ic e  
n e g a tiv e  re s is ta n c e  is a lso  fo u n d  to  b e  th e  h ig h e s t fo r < 1 1 1> 
o r ie n te d  G a A s  D D R . T h e  d e v ic e  p o s i t iv e  sc r ie s  re s is ta n c e  is 
lo w e r fo r  th e  <  11 1> s tru c tu re  as  it c a n  be  o b se rv e d  fro m  T ab le  2. 
T h e  h ig h e s t v a lu e  o f  th e  n e g a tiv e  re s is ta n c e  o b se rv e d  in e a se  
o f  < 1 11>  o rie n te d  G a A s  IM P A T T  d io d e  c a n  be e x p la in e d  on  th e  
b a s is  o f  th e  io n iz a tio n  ra te  p ro f ile  sh o w n  in  F ig u re  1. It c a n  be  
o b se rv e d  fro m  th e  io n iz a tio n  ra le  p ro f ile  (F ig u re  1) th a t fo r  all 
the  c ry s ta l o r ie n ta t io n s  th e  io n iz a tio n  ra le  is n e a r ly  e q u a l fo r
e le c tro n s  a ro u n d  an  e le c tr ic  f ie ld  v a lu e  o f  4 .5  x  10^ V /m , w h ereas 
It is w id e ly  d if f e re n t  fo r  h o le s . T h e  io n iz a tio n  ra te s  o f  h o le s  a re  
fo u n d  to  be  th e  h ig h e s t fo r  < 1 1 1> o r ie n te d  G a A s  fo r  th e  en tire  
e le c tr ic  fie ld  ra n g e  in  th e  d e p le t io n  la y e r  o f  th e  d io d e , w h ich  
c a u se s  lo c a liz a t io n  o f  a v a la n c h e  z o n e  w id th , th e re b y  in c re a s in g  
th e  d rif t z o n e  w id th , w h ic h  in c re a s e s  th e  a v a la n c h e  p h a se  d e lay  
M o re  is th e  a v a la n c h e  p h a se  d e la y , g r e a te r  w ill b e  th e  n e g a tiv e  
re s is ta n c e . T h e  v a lu e  o f  th e  p o s i t iv e  r e s is ta n c e  in c re a se s  for 
h ig h e r  f re q u e n c y  b a n d s  (>  10 0  G H z )  w h e re a s  it is n e g lig ib le  for 
lo w e r  f re q u e n c y  b a n d s  (< 3 0  G H z ) . B u t th e  n e g a tiv e  re s is ta n c e  
in c r e a s e s  w ith  h ig h e r  b a n d  o f  o p e r a t io n .  T h e r e f o r e ,  it  is 
p re fe ra b le  to  o p e ra te  th e  d io d e  w ith in  th is  ra n g e  o f  f re q u e n c y  to 
re a liz e  m o re  o u tp u t p o w e r.
Figure 2. Negative conductance vrs susccptance plots for different crystal 
orientations of V -  band GaAs DDRs
Distance, x (x 10-^  m)
Figure 3. Negative rcsisiancc profiles for differcni crystal orientations 
of GaAs V-band DDR
4. Conclusion
T h e  h ig h e s t v a lu e  o f  n e g a tiv e  re s is ta n c e  a n d  lo w e s t  v a lu e  o f 
p o s i t iv e  re s is ta n c e  m a k e  th e  < 1 1 1> o r ie n te d  G a A s  IM P A T l' 
d io d e  th e  m o re  p ro m is in g  o n e  fo r  m ic ro w a v e  p o w e r  g e n e ra tio n .
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Appendix
List of Symbols:
B Diode susccpiance (S/nr)
EE(x) Electric field at any space point (V/m)
Electric field associated with mobile space
charge only (V/m)
Value of field maximum (V/m)
H Frequency (GH/.)
G Diode conductance (S/m^)
S Peak value of negative conductance (S/m’)
J Total current density (A/m ')
N„ Donor doping concentration (nr>
Na Acceptor doping concentration (n r ')
n Electron concentration (m-')
P Hole concentration (n r ’)
V
V
w
L] E le c tro n ic  c h a rg e  (C)
R ,R (x ) D io d e  re s is ta n c e  at a n y  s p a c e  p o in t (f2m )
A v a la n c h e  v o lta g e  d ro p  (V)
B re a k d o w n  v o lta g e  d ro p  (V)
D rif t v o lta g e  d ro p  (V)
C a ir ic r  v e lo c ity  ( in s  *)
E le c tro n  v e lo c ily  a t an y  f ie ld  v a lu e  E (m s " ‘ ) 
S a lu ra lc d  d r if t v e lo c ity  (e le c tro n )  (m s ‘ )
H o le  v e lo c ity  at an y  f ie ld  v a lu e  E  (m s ‘ )
S a lu ra lc d  d r if t  v e lo c ity  (h o le )  (m s ')
I ’o ta l d e p le t io n  la y e r  w id th  (nm )
A v a la n c h e  la y e r  w id th  (nm )
D io d e  im p e d a n c e  (f2 m^)
D io d e  re s is ta n c e  ( f i n r )
Di(Klc r e a c ta n c e  {i ln r )
E le c t io n  io n i s a t io n ia te  (in ’ )
H o le  io n is a t io n  ra le  (m  ’)
P e rm it tiv ity  o f  s e m ic o n d u c to r  (17m)
E lec tro n  m o b ility  (rn “ /  V s)
H o le  m o b ility  ( n r / V s )
A n g u la r  f ie q u c n c y  o f  r f  c u r rc n t/v o lta g c  (ra d /s )  
D C  to  r f  c o n v e rs io n  e f f ic ie n c y
Iz
an
e
AL.
(0
n
